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ABSTRACT
Portable X-ray Fluorescence Spectroscopy (PXRFS) is a non-destructive tes-
ting method that can offer objective, on-site information concerning ele-
mental composition. The objective was to better understand Northern Euro-
pean bog environmental chemistry and its diagenetic effects on interred bog 
bodies, and identify post-discovery preservation procedures applied to the 
remains. This article discusses the findings regarding two of thirteen bog 
bodies we studied: Husbäke Man and Jührdenerfeld Man.
To assess potential bog diagenetic effects, the following elements were 
analyzed: Copper, Iron, Manganese, Molybdenum, Lead, and Zirconium. The 
elemental concentrations were also used to assess the application of post-disco-
very preservation procedures, along with Cobalt, Antimony, and Titanium.
The significantly higher elemental concentrations in all elements of inte-
rest suggest that elemental incorporation occurred in the bog. In addition, the 
readings taken from Jührdenerfeld Man demonstrate exceedingly high ele-
mental values for Cobalt, supporting post-discovery elemental incorporation.
PXRFS provides valuable information about the interactions between the 
bog environment and bog body remains, and can identify post-discovery pre-
servative treatment implementation. Thus, PXRFS can improve comprehen-
sion of archival collection history of bog bodies, and can offer the possibility 
of reversing or lessening the effects of detrimental preservative treatments to 
the bog bodies. 
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INTRODUCTION
Northern Europe bog bodies are distinguished types of archaeological fi  ndings 
(20). Th   eir discoveries continue to inspire scientists worldwide and oft  en lead 
to the creation of myths and legends regarding their lives and deaths. Th  erefore, 
knowledge about their origin, diagenetic eff  ects, and post-discovery treatments 
are of importance for a better understanding of these fi  ndings. Recently, some of 
the prehistoric bog body fi  ndings from Denmark and Germany have been rein-
vestigated using modern methods. Th   e presented results are part of the research 
activities on German bog bodies, which are still in progress (e.g. 2, 6, 7–12, 15).
X-Ray Fluorescence Spectroscopy (XRFS) helps to determine and quantify 
the elemental composition of samples by using X-ray excitation. XRFS rapidly 
identifi  es and reliably enumerates elements over an extensive concentration 
range, while neither destroying nor contaminating the sample tested (3, 4, 7, 
8, 11–14, 18, 21, 22). Portable (hand-held) XRFS (PXRFS) provides a non-
destructive testing method that off  ers objective, laboratory grade, presumptive 
analyses on on-site testing samples, such as metal alloys, mineral deposits, soil 
samples, and bone (1, 4, 8–10, 14, 17). 
Portable XRFS can provide objective, on-site information regarding environ-
mental understanding of bog body burial sites and its diagenetic eff  ects on the 
interred bog body. Portable XRFS can also identify whether housing curators 
and staff   applied post-discovery preservation procedures to bog bodies, and to 
what extent such preservation has aff  ected the bog body remains. Th  is  research 
focused on the application of portable XRFS to both the skeletal remains and 
the surrounding burial environment of thirteen bog bodies. Two of these bog 
bodies are known as Husbäke Man and Jührdenerfeld Man. Th   is article sum-
marizes and compares the portable XRFS fi  ndings for those individuals (7). 
Th   ese two bog bodies were chosen because both are raised bog bodies, dis-
covered by farmers, digging peat in the middle 1930s. Both bog bodies have 
been found in close proximity to one another (Fig. 1) and subsequently, housed 
at the State Museum Natur und Mensch in Oldenburg, Germany, where they are 
exhibited. In addition, evidence suggested that Husbäke Man had no received 
post-discovery preservative treatment, while Jührdenerfeld Man had. 78  |  G. Granite, A. Bauerochse
Figure 1. Sitemap for Husbäke Man 
(1) and Jührdenerfeld Man (2).
Bog Body Background: Husbäke Man
Th   e remains of Husbäke Man, also known as Husbäke II, were found on Octo-
ber 15
th, 1936, in the bogs of Vehnemoor (Oldenburg District), Lower Saxony, 
Germany (5) (Fig. 2). 
14C-AMS dating for a skin sample from the bog body 
determined a calibrated date for the remains of 765–520 cal BC in the Pre-
Roman Iron Age (19). Our osteological analysis of the remains found this indi-
vidual to be a male, either 19 or 20 at the time of his death based on the fusion 
assessment of long bone epiphyseal-diaphyseal union sites, which corresponded 
with the examiners estimation of approximately 20 years old (16). We also deter-
mined that he was of probable Caucasian ancestry and possible Asian ancestry 
due to his shovel-shaped incisors, and a stature ranging between 5 ft   8 in and 6 
ft   2 in. Additional osteological fi  ndings can be found in Granite 2012 (7).     PXRFS Analysis: Husbäke Man & Jührdenerfeld Man   |  79
Figure 2. The remains of Husbäke Man.
Bog Body Background: Jührdenerfeld Man
Jührdenerfeld Man, also known as Bockhornerfeld Man, was discovered on 
November 19
th, 1934 in Jührdenerfeld (Friesland District), Lower Saxony, Ger-
many (Fig. 3). Two 
14C-AMS dating analyses of hair and skin samples from the 
body resulted in calibrated ranges of 170–45 cal BC and 40 cal BC–AD 75 dat-
ing also to the Pre-Roman Iron Age (5, 19). Analysts determined the age to be 
around 35 years old (5). During our osteological investigations, we also found 
him to be of probable Caucasian ancestry with an estimated stature range of 
approximately 4 ft   10.5 in to 5 ft   3 in because of the limited amount of present 
long bones. Additional fi  ndings from our osteological analysis can be found in 
Granite 2012 (7).
Figure 3. The remains of Jührdenerfeld Man.
Th   ough the only documentation of preservative treatment found for the Jüh-
rdenerfeld Man entails slowly drying the body in an unheated room at the State 
Museum Natur und Mensch (5), some sort of residue is clearly visible on the 
distal fragments of the left   tibia, fi  bula, and foot bones (Figs. 4a, b, and 5). In 80  |  G. Granite, A. Bauerochse
addition, aluminum foil was used to stuff   the body in various places, supporting 
the head and torso (Fig. 6). Although undocumented, these foil insertion may 
have been placed there to act as a cushion for the bodily remains or to keep the 
body level in the exhibit (7).
Figures 4a and 4b. Residue found on the distal left tibia and fibula fragments of 
Jührdenerfeld Man.
Figure 5. Residue found underneath left distal fibula fragment of Jührdenerfeld Man.
Figure 6. Aluminum 
foil has been inserted 
under the body of 
Jührdenerfeld Man in 
various places (see red 
arrows).    PXRFS Analysis: Husbäke Man & Jührdenerfeld Man   |  81
MATERIALS AND METHODS
An Innov-X Alpha Series analyzer was used to analyze of the bog bodies and 
their burial environments. Readings taken from various areas of each bog body 
enabled the most accurate value ranges of concentrations for elements of inter-
est as measured in parts per million (ppm). Each body was scanned three times 
for 30 second intervals at various pre-determined osteological landmarks to 
create an average reading for each site. Th   ose averages were then used to create 
an elemental concentration range for each element of interest and its corre-
sponding bog body. To assess potential bog diagenetic eff  ects, the elements of 
interest chosen were Copper (Cu), Iron (Fe), Manganese (Mn), Molybdenum 
(Mo), Lead (Pb), and Zirconium (Zr). To assess the application of post-dis-
covery preservation procedures, the same elemental concentrations measured 
to evaluate bog diagenesis were used, along with Cobalt (Co), Antimony (Sb), 
and Titanium (Ti). To determine the extent of the eff  ect of bog diagenesis and 
post-discovery preservative treatment, the concentrations of the elements of 
interest measured from the bog bodies were also compared to normal human 
bone elemental concentration levels for those elements. 
RESULTS
To demonstrate statistical signifi  cance when comparing elemental ranges 
between the raised bog bodies and normal human bone, a repeated measures 
ANOVA with bone locations added as a random eff  ect was used to compute 
95% confi  dence intervals for the overall mean element values for each of the 
bodies. We then compared these intervals to normal human bone elemental 
ranges for each element of interest to test if there is a signifi  cant diff  erence 
among them. Since Mn concentrations for Husbäke Man demonstrated values 
below the limit of detection, a confi  dence interval could not be created (Table 
1). We also directly compared the concentration ranges for each element of 
interest to the normal human bone ranges for those elements (Table 2). Each 
of the elements of interest demonstrates concentration levels and confi  dence 
intervals, that are noticeably, if not exceedingly, greater than levels found in 
normal human bone (Tables 1 and 2). 82  |  G. Granite, A. Bauerochse
Table 1. 95% Confidence Intervals (CIs) for the mean of Bog Body Elemental Readings
Element Normal HBR* HM* CIs JM* CIs
Cu 0–19.63 10.16–43.20 15.34–25.83
Fe 100.00–300.00 329.12–774.16 476.58–1092.01
Mn 2.00–10.00 LSD* 53.14–92.41
Mo < 1.00 13.12–15.16 13.88–15.93
Pb 0–4.00 16.95–22.61 17.73–167.97
Zr 0–5.00 52.30–59.03 54.13–60.93
* HBR = Human Bone Range; HM = Husbäke Man; JM = Jührdenerfeld Man; LSD = Lacking 
Sufficient Data To Create A Confidence Interval.
Table 2. Elemental Composition of Bog Bodies vs. Normal Human Bone Range
Element Normal HBR HM ECR*  JM ECR 
Cu 0–19.63 0–87.00 0–33.67
Fe 100.00–300.00 105.33–3261.67 214.67–2273.00
Mn 2.00–10.00 0–70.67 0–79.33
Mo < 1.00 7.50–18.67 8.00–20.00
Pb 0–4.00 10.33–35.00 12.67–383.33
Zr 0–5.00 26.33–70.67 41.33–75.33
*ECR = Elemental Concentration Range
Reference for data sources (7).
For Jührdenerfeld Man, the particular skeletal areas that demonstrate elevated 
elemental levels include areas of the left   femur, tibia, fi  bula, calcaneus, talus, 
medial cuneiform, and cuboid, which correlate with the locations that display 
some sort of residue. Th   ese were compared with areas not believed to have been 
treated post-discovery on Jührdenerfeld Man. Areas potentially treated with 
preservatives demonstrated exceedingly high levels of Cu, Mn, and Pb when 
compared to unaff  ected areas (Table 3). 
Table 3. Bog Body Elemental Concentration Ranges of Post-Discovery Preservative Treat-
ment Areas vs. Unaffected Areas
Element of Interest JM PDPT* Areas ECR JM Unaffected Areas ECR
Cu 16.00–116.33 13.00–33.67
Fe 269.67–1636.67 187.33–2273.00
Mn 81.00–368.00 64.00–79.33
Mo 12.00–17.33 8.00–20.00
Pb 112.00–1586.33 12.67–383.33
Zr 46.00–66.00 41.33–75.33
*PDPT = Post-Discovery Preservative Treatment.    PXRFS Analysis: Husbäke Man & Jührdenerfeld Man   |  83
A one-way ANOVA model with bone locations as a random eff  ect was used 
to compute 95% confi  dence intervals of both treated and unaff  ected bone for 
Jührdenerfeld Man. Th   ese intervals were then compared to normal elemental 
ranges to determine whether or not they were diff  erent from normal human 
bone. Th  e  confi  dence intervals statistically support the fi  ndings that Cu, Mn, 
and Pb all demonstrate higher confi  dence intervals (Table 4). Additionally, Co 
also exhibits signifi  cantly high levels (Table 5). 
Table 4. CIs for Post-Discovery Preservative Treatment Elemental Values
Element of Interest JM CIs
Cu 14.96–85.23
Fe 445.76–1068.07
Mn 91.14–281.97
Mo 12.43–15.18
Pb 212.32–968.50
Zr 46.93–58.67
Table 5. Additional Elements of Interest with Post-Discovery Preservative Treatment
Element of Interest Normal HCR JM ECR
Co 0.01–0.04 39.50–118.33
Sb 0.01–0.6 <LOD 139.00
Ti 0–40.00 <LOD 802.00
Reference for data sources [7].
DISCUSSION AND CONCLUSIONS 
Th   e substantially higher elemental concentrations in all elements of interest 
suggest that elemental incorporation occurred within the skeletal remains of 
these two raised bog bodies during interment in the bog. In addition, the exor-
bitant readings of Co at areas potentially aff  ected by post-discovery preserva-
tive treatment with the remains of Jührdenerfeld Man support post-discovery 
elemental incorporation has occurred. Th  ese  fi  ndings suggest that the residue 
found with these remains could be the remnants of a metallic adhesive used to 
rearticulate the damaged bones as well as to keep the remains in place on the 
mounting board for display.
Applying portable XRFS to the analysis of bog bodies provides valuable 
information about the interactions between the bog environment and the 
remains of bog bodies, and can identify post-discovery preservative treatment 84  |  G. Granite, A. Bauerochse
implemented during the conservation process. By assisting in the identifi  cation 
of areas of post-discovery preservation on the bog bodies, portable XRFS can 
improve comprehension of archival collection history of bog bodies, and can 
off  er the possibility of reversing or lessening the eff  ects of detrimental preserva-
tive treatments to the bog bodies. 
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